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Abstract 



PURPOSE:To keep the salt concn. of an 
electroless plating soln. at a certain value or 
below by selecting a metallic ion reducing agent 
and a pH adjusting agent so that a slightly soluble 
salt is formed in the plating soln. and removing a 
precipitate of the slightly soluble salt formed in the 
plating soln. 

CONSTITUTIONS metallic ion reducing agent 
and a pH adjusting agent are selected so that a 
slightly soluble salt is formed in an electroless 
plating soln. by an ion of the oxidized body of the 
reducing agent and a cationic component forming 
the pH adjusting agent. The plating soln. in an 
electroless plating tank 1 is poured by a pump 2 
into a cooling tank or a concentration tank 3 t a 
precipitate formed in the tank 3 is removed with a 
filter 5 and the plating soln. is circulated to the 
plating tank 1 . The accumulation of by-product 
ions formed in accordance with the progress of an 
electroless plating reaction can be prevented and 
the service life of the electroless plating soln. can 
be prolonged. 
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(54) ELECTROLESS PLATING METHOD 

(57)Abstract: 

PURPOSE: f To keep the salt concn. of an electroless 
f plating soln. at a certain value or below by selecting a 
*? metallic ion reducing agent and a pH adjusting agent so 

!that a slightly soluble salt is formed in the plating soln. 
'and removing a precipitate of the slightly soluble salt 
f formed in the plating soln. 

CONSTITUTION: A metallic ion reducing agent and a pH 

adjusting agent are selected so that a slightly soluble salt 

is formed in an electroless plating soln. by an ion of the 

oxidized body of the reducing agent and a cationic 

component forming the pH adjusting agent. The plating 

soln. in an electroless plating tank 1 is poured by a pump 

2 into a cooling tank or a concentration tank 3, a 

precipitate formed in the tank 3 is removed with a filter 5 

and the plating soln. is circulated to the plating tank 1. The accumulation of by-product ions 
formed in accordance with the progress of an electroless plating reaction can be prevented 
and the service life of the electroless plating soln. can be prolonged. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention prevents accumulation into the plating liquid of the by-product 
ion generated especially with advance of an electroless-plating reaction about the electroless-plating 
method, and relates to the electroless-plating method of galvanizing by maintaining the salt 
concentration in electroless-plating liquid below at constant value. 
[0002] 

[Description of the Prior Art] Electroless-plating liquid usually contains the complexing agent of a metal 
ion and a metal ion, the reducing agent of a metal ion, and pH regulator. In order to perform electroless 
plating continuously, it is necessary to supply the reducing agent of a metal ion and a metal ion 
consumed with advance of a plating reaction, and pH regulator. In plating liquid, the opposite anion of a 
metal ion, the oxidant ion of a metal ion reducing agent, and the cation of pH regulator are accumulated 
with this supply. Accumulation of these ion produces the problem that the physical properties 
(especially pace of expansion of a plating film) of a plating film fall. Moreover, the stability of 
electroless-plating liquid also falls and it becomes an unusual deposit and the cause of an autolysis. 
[0003] In order to avoid such a problem conventionally, plating liquid was updated by short duration of 
service, or new plating liquid was continuously added to the plating liquid which deteriorated, and the 
method of maintaining the salt concentration in plating liquid below at constant value has been taken. 
By such method, expensive electroless-plating liquid is needed in large quantities, and a huge amount of 
efforts and costs are spent on processing of waste fluid. Moreover, abandonment of the plating liquid 
containing the complexing agent of a lot of metal ions and metal ions from a viewpoint of earth 
environment protection, the reducing agent of a metal ion, etc. is not desirable. 

[0004] On the other hand, the method of removing accumulation ion continuously by the electrodialysis 
process is indicated by JP,56-136967,A. However, in an electrodialysis process, the complicated 
operation for doubling with the optimum pH of dialysis is needed. Moreover, since [ that it is very 
expensive and ] the ion-selective film which makes only a plating interfering ion penetrate has the weak 
mechanical strength, it is very difficult maintenance control. Therefore, there is a problem that the cost 
concerning the whole equipment is huge. 
[0005] 

t [Problem(s) to be Solved by the Invention] If electroless plating is performed continuously, the by- 
( product ion of electroless plating will be accumulated'. This accumulation Slocks the electroless-plating 
reaction which forms a normal plating film, and brings about the debasement of a plating film: This is 
simultaneously accompanied not only by the fall of the mechanical physical properties of a plating film 
but by the unusual deposit phenomenon in which a metal deposits in the unnecessary section. However, 
the place by present, the method of preventing accumulation of these plating interfering ion or the 
accumulated plating interfering ion is removed, and the effective method of reproducing plating liquid is 
not learned. 

[0006] As oxidant ion concentration of the metal ion reducing agent accumulated in plating liquid, it is 
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0.4 mols/1. or less desirable still more preferably [ mols / 0.7 III. I or less ]. The purpose of this invention 
is to offer the method of removing plating interfering ions, such as oxidant ion of the metal ion reducing 
agent accumulated in electroless-plating liquid, and a cation of pH regulator, maintaining the salt 
concentration in electroless-plating liquid below at constant value, and galvanizing it by simple 
operation. 
[0007] 

[Means for Solving the Problem] The plating interfering ions accumulated in electroless-plating liquid 
when an electroless-plating reaction is performed continuously, as described above are the opposite 
anion of a metal ion, the oxidant ion of a metal ion reducing agent, and a cation of pH regulator. The 
opposite anion of a metal ion can be prevented by using the metallic oxide or hydroxide of fusibility for 
supply of a metal ion. Therefore, it is an especially important technical problem to prevent accumulation 
of the oxidant ion of a metal ion reducing agent and the cation of pH regulator. 
[0008] In this invention, the aforementioned purpose is attained by selecting the combination of the 
oxidant ion of a metal ion reducing agent, and the cation of pH regulator, settling these ion as a salt, and 
removing the precipitation. That is, in this invention, the aforementioned combination is selected so that 
the salt formed by the oxidant ion of a metal ion reducing agent and the cation of pH regulator may turn 
into a poorly soluble salt with the small solubility to the inside of solution. 

[0009] In the density range to which the quality of a plating film is reduced by accumulation of the 
oxidant ion of the aforementioned metal ion reducing agent, removal of the aforementioned poorly 
soluble salt is saturated with temperature lower than plating temperature or plating temperature, 
produces precipitation, and can be performed by removing the settlings. You may perform generation of 
precipitation by condensing plating liquid. Moreover, after the oxidant ion of the metal ion reducing 
agent of the specified quantity accumulates removal of the aforementioned poorly soluble salt in 
electroless-plating liquid, it may stop and may perform plating processing, and in parallel to plating 
processing, you may perform it by circulating plating liquid. 
[0010] 

(Tunctionl The case of non-electrolytic-copper plating is briefly described as. an example. j^Vhen a 
glyoxylic acid is used' as a reducing agent of a copper ion, in plating liquid, a glyoxylic acid exists in the 
form of griot^KISARETOI-on, and produces the oxalic acid ion which is oxidant ion by the reaction of a 
% fewer formufa? 

2CHOCOO-+40H-->2 (COO)22-+2e-+2H2 0+H2 [001 1] If a sodium hydroxide is used as a pH 
regulator, 3.48g/100g and since it is very small, the solubility of oxalic acid sodium will become 
possible [ removing as precipitation easily ] at 5.05g/100g and 25 degrees C by 70 degrees C. The ion 
concentration in plating liquid can be maintained at a low value by this, and the life of plating liquid can 
be extended sharply. 

[0012] That is, accumulation of the oxalic acid ion to the inside of plating liquid can be prevented as a 
combination by choosing sodium as a cation of a glyoxylic acid and pH regulator as a copper-ion 
reducing agent. As a combination with oxalic acid ion, pH regulator which has lithiums, such as a 
lithium hydroxide, as a cation is also effective. Of course, the combination of a metal ion reducing agent 
and pH regulator is not restricted above. 
[0013] 

[Example] Hereafter, the example of this invention is explained. The example of comparison explains 
the conventional electroless-plating method. 

[Example 1] Non-electrolytic-copper plating was performed using a sodium hydroxide as a pH regulator 
using a glyoxylic acid as a copper-ion reducing agent. Composition and the plating conditions of plating 
liquid are shown below. 
[0014] 

[Plating liquid composition] 

<- GQRRIfe^ ethyl enedi aminetetraacetate 0.1 mols/1. - glyoxylic 

acid 0.03 mols/1. "- sodium hydroxide 0.1 mols/1. -2 and 2'-bipyridyI 0.0002 mols/1. - polyethylene glycol 
v(average molecular weight 600) 0.03 mols/1. [Plating conditions] 
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- pH 12.5 - solution temperature With the 70-degree-C above-mentioned radio solution copper-plating 
liquid, pattern formation by non-electrolytic-copper plating was performed on the examination substrate, 
and the stability and plating film quality of plating liquid were evaluated from the existence of an 
unusual deposit of copper. The method of creating an examination substrate is shown below. 
[0015] After applying to both sides of the polyimide resin laminate containing a glass fabric with a 
[examination substrate creating method] thickness of 0.6mm the adhesives which make a principal 
component acrylonitrile-butadiene rubber denaturation phenol resin, at 160 degrees C, it heated for 10 
minutes, and hardened, and the laminate with a thickness of about 30 micrometers with an adhesives 
layer was obtained. Subsequently, after making a hole in a required part with a drill, it flooded with the 
roughening liquid containing a chromic anhydride and a hydrochloric acid, and the adhesives front face 
was roughened. 

[0016] Next, after rinsing by flooding with the palladium colloidal -catalyst solution [the acid solution 
containing sensitizer HSby Hitachi Chemical Co., Ltd.lOlB] of 1 fluidity for 10 minutes as a catalyst of 
non-electrolytic-copper plating, dilute hydrochloric acid was processed for 5 minutes with the promotion 
processing liquid made into a principal component, and it dried for 20 minutes at 120 degrees C after 
rinsing. Thus, dry cleaning film photoresist SR-3000 [ with a thickness of 35 micrometers ] (Hitachi 
Chemical) was laminated to both sides of the prepared substrate, exposure and development were 
performed using the mask of the test pattern which has wiring with a width of face of 60 micrometers, 
and it covered with the resist except the pattern section on the front face of a substrate. 
[0017] The stainless steel board was immersed into plating liquid, and, simultaneously with the 
examination substrate created as mentioned above, non-electrolytic-copper plating was performed by 70 
degrees C of solution temperature, and load ldm2/l. What was rinsed was used, after the stainless steel 
board was beforehand immersed for 2 minutes into 17% hydrochloric-acid solution and being immersed 
in the above-mentioned palladium colloidal solution for 10 minutes subsequently. During plating, air 
was always blown and plating liquid was agitated. During plating, it supplied at any time so that copper- 
ion concentration, glyoxylic-acid (copper-ion reducing agent) concentration, and pH might become 
fixed. The supply liquid used for supply is shown below. 

[0018] (1) Copper-ion supply liquid CuS04and5H20 200g water It is the 40% glyoxylic-acid solution 
(3) pH regulator NaOH of complement (2) glyoxylic-acid (copper-ion reducing agent) supply liquid for 
being referred to as 11. 200g water It is a complement [0019] for being referred to as 11. It considered 
galvanizing in thickness of 30 micrometers at a stainless steel board top and the pattern section of an 
examination substrate as one plating. Whenever each time was completed, from the stainless steel board, 
it exfoliated, the plating coat was cut in the 1.25cmxl0cm size, and the mechanical strength of a plating 
coat was measured with the usual hauling testing machine. Moreover, after the plating end of each time, 
after plating liquid once returned to the room temperature (25 degrees C) and filtered precipitation of 
oxalic acid sodium, it performed next plating. The fixed quantity of the oxalic acid ion concentration in 
plating liquid after filtering was carried out by the chromatograph. 

[0020] A measurement result is shown in the table of drawing 1 . The oxalic acid ion concentration in 
plating liquid is as a result of [ after performing filtration after the plating end of each time ] 
measurement. After performing seven plating, oxalic acid ion concentration was 0.25 mol/1, the pace of 
expansion of a plating film showed 6. 1%, and the unusual deposit was not accepted at all. Thus, it is 
clear that accumulation of the oxalic acid ion to the inside of plating liquid has suppressed completely 
by the method of this invention. 

[0021] [Example 2] Except [ all ] having supplied the copper ion for keeping constant the copper-ion 
concentration in plating liquid with copper-oxide powder, non-electrolytic-copper plating was 
performed on the same conditions as an example 1 . The result is shown in the table of drawing 1 . 
Accumulation of the opposite anion of a copper ion could also be prevented by using a copper oxide, 
and high quality was able to be maintained over the quality nearby long period of time of a plating film. 
Moreover, when copper hydroxide was used for supply of a copper ion, the good result was obtained 
similarly. 

[0022] [Example 1 of comparison] Conventional plating liquid using a sodium hydroxide as a pH 
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regulator performed non-electrolytic-copper plating, using formaldehyde as a copper-ion reducing agent. 
pH of plating liquid could be set to 12.5 and solution temperature could set it 70 degrees C. In this case, 
the oxidant ion of the formaldehyde of a reducing agent is formic acid ion, and the solubility of formic 
acid sodium is very as large as 99.6g (25 degrees C) in lOOg of water. Therefore, after cooling of plating 
liquid, it did not generate and precipitation of formic acid sodium was not able to remove formic acid 
ion. 

[0023] Change of the arista acid ion concentration in plating liquid by repeat plating and plating film 
quality was shown in the table of drawing 1 . It turns out that formic acid ion concentration increases 
and the pace of expansion of a plating film is falling in plating liquid as the number of times of repeat 
plating progresses. Moreover, the stability of plating liquid also deteriorated, plating liquid caused the 
autolysis in the middle of the 5th plating, and galvanizing became impossible. 

[0024] [Example 2 of comparison] With the non-electrolytic-copper plating liquid shown in the example 
1, the potassium hydroxide was used instead of the sodium hydroxide as a pH regulator, and non- 
electrolytic-copper plating was performed. pH of plating liquid could be set to 12.5 and solution 
temperature could set it 70 degrees C. In this case, since the solubility of an oxalic acid potassium was 
as large as 35. 9g (25 degrees C) in lOOg of water, after cooling of plating liquid, it did not generate and 
precipitation of an oxalic acid potassium was not able to remove oxalic acid ion. 
[0025] The oxalic acid ion concentration in the plating liquid by repeat plating and change of plating 
film quality were shown in the table of drawing 1 . It turns out that oxalic acid ion is accumulated and 
the pace of expansion of a plating film is falling into plating liquid as the number of times of a repeat 
progresses. Moreover, the stability of plating liquid also deteriorated, plating liquid caused the autolysis 
in the middle of the 5th plating, and galvanizing became impossible. 

[0026] As mentioned above, according to this invention, it turns out that accumulation of the ion to the 
inside of plating liquid can be prevented, and a plating film with a good passage is obtained as a result at 
a long period of time. In addition, although there is also no generating of an unusual deposit and good 
plating film physical properties are acquired in composition of the aforementioned example, and the 
plating of conditions when the oxidant ion accumulation concentration of a reducing agent is about 0.3 
mols/1. or less as shown in the table, the accumulation concentration of the oxidant ion of the reducing 
agent which can perform good plating changes with plating conditions or galvanized substrates. 
Therefore, this value does not express the absolute value of the concentration limitation of accumulation 
ion. 

[0027] [Example 3] The examination same about change of the mechanical physical properties of the 
plating film obtained with the plating equipment which equipped the cooling pool, and the oxalic acid 
ion concentration in plating liquid as an example 1 was performed using the non-electrolytic-copper 
plating liquid shown in the example 1. The outline of the plating equipment used by this example is 
shown in drawing 2 . The plating liquid in the electroless-plating tub 1 is continuously pumped out by 
the cooling pool 3 with a pump 2. A cooling pool 3 is the thing of the water cooling type which uses a 
cooling pipe, and plating liquid is cooled by about 25 degrees C. After transporting the plating liquid in 
the cooling pool 3 which was cooled and produced settlings to a filter 5 and removing precipitate with 
the filter of a filter 5 with a pump 4, it is again returned to the plating tub 1 . 

[0028] Thus, when galvanized removing oxalic acid sodium precipitate continuously, like the example 
1, accumulation of the oxalic acid ion to the inside of plating liquid can be suppressed, and good plating 
film physical properties could continue for the long period of time. 

[0029] [Example 4] The examination same about change of the mechanical physical properties of the 
plating film obtained with the plating equipment which equipped the thickener tank, and the oxalic acid 
ion concentration in plating liquid as an example 1 was performed using the non-electrolytic-copper 
plating liquid shown in the example 1. 

[0030] The plating equipment used by this example is equivalent to what changed the cooling pool 3 to 
the thickener tank in the equipment shown in drawing 2 . The plating liquid in the electroless-plating tub 
1 is continuously pumped out by the thickener tank (3) with a pump 2, and is condensed by heating 
evaporation. After transporting the plating liquid in the thickener tank (3) which was condensed and 
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produced settlings to a filter 5 and removing precipitate with the filter of a filter 5 with a pump 4, it is 
again returned to the plating tub 1 . In addition, plating liquid is condensed by about 3 or more times by 
the thickener tank. Thus, when galvanized removing oxalic acid sodium precipitate continuously, like 
the example 1, accumulation of the oxalic acid ion to the inside of plating liquid can be suppressed, and 
good plating film physical properties could continue for the long period of time. 
[003 1] [Example 5] With the non-electrolytic-copper plating liquid shown in the example 1, the lithium 
hydroxide was used instead of the sodium hydroxide as a pH regulator, and the same examination as an 
example 1 was performed. In this case, into lOOg of water, with 5.87g (25 degrees C), since the 
solubility of an oxalic acid lithium is comparatively small, it can suppress accumulation of the oxalic 
acid ion to the inside of plating liquid like an example 1, and the plating film which has good quality 
could go over it at the long period of time. 

[0032] [Example 6] Electroless plating of nickel was tried by using a way sodium hydride as a reducing 
agent. The lithium hydroxide was used as a pH regulator. Plating liquid composition and plating 
conditions are shown below. 
[Plating liquid composition] 

- Nickel chloride 0.13 mol/l. and ethyienediamine 0.25 mol/1. and lithium hydroxide 1.0 mol/1. and way 
sodium hydride 0.015 mols [plating conditions]/l. 

- pH 14 and solution temperature 90 degrees C [0033] A way sodium hydride produces meta-way acid 
ion by the reaction shown below in plating liquid. 

When a lithium hydroxide is used as a BH4-+40H~>B02-+2H2+2H20+4 e-pH regulator, since it is 
comparatively small, the solubility of a meta-way acid lithium can be easily removed as precipitation 
with 3.34g (25 degrees C) in lOOg of water. According to this example, the rear spring supporter of the 
quality of the obtained nickel-plating film and the stability of plating liquid is good to a long period of 
time, and they have attained the reinforcement by deionization of plating liquid at it 
[0034] [Example 7] Next, electroless plating of cobalt was tried by using a way sodium hydride as a 
reducing agent. The lithium hydroxide was used as a pH regulator. Plating liquid composition and 
plating conditions are shown below. 
[Plating liquid composition] 

- Cobalt sulfate 0.05 mol/1. and ethyienediamine 0.4 mol/1. and ROSSERU salt 0.06 mol/1. and lithium 
hydroxide 0.8 mol/1. and way sodium hydride 0.015 mols [plating conditions]/! 

- pH 13.0 and solution temperature 70 degrees C [0035] As mentioned above, in lOOg of water, since it 
is comparatively small, the solubility of the meta-way acid lithium produced in plating liquid is easily 
removable with 3.34g (25 degrees C), as precipitation. Also in this example, like the example 6, the rear 
spring supporter of the quality of the obtained cobalt plating film and the stability of plating liquid is 
good to a long period of time, and they have attained the reinforcement by deionization of plating liquid 
at it. 

[0036] 

[Effect of the Invention] According to this invention, accumulation of the by-product ion generated with 
advance of an electroless-plating reaction can be prevented, and reinforcement of electroless-plating 
liquid can be attained. 

[Translation done ] 



g eg b eb eg e e 



Page 1 of 2 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the electroless-plating method using the plating liquid containing the reducing agent and 
pH regulator of a metal ion and this metal ion The reducing agent and the aforementioned pH regulator 
of the aforementioned metal ion are chosen so that the oxidant ion of the reducing agent of the 
aforementioned metal ion and the cation component which constitutes the aforementioned pH regulator 
may produce a poorly soluble salt into plating liquid. The electroless-plating method characterized by 
maintaining the salt concentration in electroless-plating liquid below at constant value, and galvanizing 
it by removing precipitation of the aforementioned poorly soluble salt generated in plating liquid with 
advance of a plating reaction. 

[Claim 2] The electroless-plating method according to claim 1 characterized by cooling or condensing 
some plating liquid [ at least ], and producing precipitation of the aforementioned poorly soluble salt. 
[Claim 3] The electroless-plating method according to claim 1 or 2 characterized by settling the oxidant 
ion of the metal ion reducing agent accumulated with advance of a plating reaction as sodium salt or 
lithium salt, using sodium or a lithium as a cation component which constitutes the aforementioned pH 
regulator, using griot KISARETOI-on as a reducing agent of the aforementioned metal ion. 
[Claim 4] In the electroless-plating method using the plating liquid containing the reducing agent and 
pH regulator of a metal ion and this metal ion The reducing agent and the aforementioned pH regulator 
of the aforementioned metal ion are chosen so that the oxidant ion of the reducing agent of the 
aforementioned metal ion and the cation component which constitutes the aforementioned pH regulator 
may produce a poorly soluble salt into plating liquid. By suspending plating processing, after the oxidant 
ion of the metal ion reducing agent of the specified quantity is accumulated in plating liquid, and 
cooling or condensing plating liquid The electroless-plating method characterized by galvanizing by 
performing electroless plating again by maintaining the salt concentration in plating liquid below at 
constant value after settling the oxidant ion of the aforementioned metal ion reducing agent as a salt with 
the cation which constitutes pH regulator and removing this precipitation. 

[Claim 5] In the electroless-plating method using the plating liquid containing the reducing agent and 
pH regulator of a metal ion and this metal ion The reducing agent and the aforementioned pH regulator 
of the aforementioned metal ion are chosen so that the oxidant ion of the reducing agent of the 
aforementioned metal ion and the cation component which constitutes the aforementioned pH regulator 
may produce a poorly soluble salt into plating liquid. The electroless-plating method characterized by 
producing insoluble precipitation in plating liquid by cooling or condensing plating liquid in this 
circulation path, and galvanizing by circulating plating liquid and maintaining the salt concentration in 
plating liquid below at constant value by removing this precipitation continuously. 
[Claim 6] In the non-electrolytic-copper plating method of using the plating liquid containing a copper 
ion, pH regulator, and a copper-ion reducing agent The copper ion which decreases with advance of a 
plating reaction is supplied by either [ at least ] the copper oxide or copper hydroxide. By settling the 
oxidant ion of the copper-ion reducing agent accumulated with advance of a plating reaction as a poorly 
soluble salt with the cation which constitutes pH regulator, and removing this precipitation The non- 
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electrolytic-copper plating method characterized by preventing accumulation of the by-product ion to 
the inside of plating liquid, maintaining the salt concentration in plating liquid below at constant value, 
and performing copper plating. 



[Translation done.] 
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